Background: The clinicopathological characteristics and conclusive treatment modality for multifocal papillary thyroid microcarcinoma (mPTMC) have not been fully established. Methods: A retrospective study, systematic review, and meta-analysis were conducted to elucidate the clinicopathological significance of mPTMC. We investigated the multiplicity of 383 classical papillary thyroid microcarcinomas (PTMCs) and the clinicopathological significance of incidental mPTMCs. Correlation between tumor recurrence and multifocality in PTMCs was evaluated through a systematic review and meta-analysis. Results: Tumor multifocality was identified in 103 of 383 PTMCs (26.9%). On linear regression analysis, primary tumor diameter was significantly correlated with tumor number (R 2 = 0.014, p = .021) and supplemental tumor diameter (R 2 = 0.117, p = .023). Of 103 mPTMCs, 61 (59.2%) were non-incidental, with tumor detected on preoperative ultrasonography, and 42 (40.8%) were diagnosed (incidental mPTMCs) on pathological examination. Lymph node metastasis and higher tumor stage were significantly correlated with tumor multifocality. However, there was no difference in nodal metastasis or tumor stage between incidental and non-incidental mPTMCs. On meta-analysis, tumor multifocality was significantly correlated with tumor recurrence in PTMCs (odds ratio, 2.002; 95% confidence interval, 1.475 to 2.719, p < .001). Conclusions: Our results show that tumor multifocality in PTMC, regardless of manner of detection, is significantly correlated with aggressive tumor behavior.
▒ ORIGINAL ARTICLE ▒ Papillary thyroid microcarcinoma (PTMC) measuring 1 cm or less in diameter is the most common variant of papillary thyroid carcinoma (PTC). The incidence of PTMC has recently been increasing in many countries. This increase is partially attributed to the broader availability of ultrasonography (US) and computed tomography diagnostic modalities and to more frequent health screening with increased awareness of this tumor type. 1 If the primary contributor to increasing PTMC incidence is improved detection, then the proportion of late-stage and large tumors should be declining. However, the incidence of larger tumors is also increasing. 2 This pattern of increasing incidence cannot be completely explained by increased detection or more frequent health screening. Furthermore, over-diagnosis and over-treatment of PTMCs are important issues that warrant more detailed evaluation. Although PTMCs have similar molecular characteristics to PTCs larger than 1 cm (overt PTCs), 3 PTMCs generally have a better outcome profile than overt PTCs. 4, 5 However, some
PTMCs demonstrate loco-regional and lymph node recurrence, 4 and diagnostic delays can result in higher rates of distant metastasis. 6 Old age, lymph node metastasis, extrathyroidal extension, and multifocality or bilaterality are considered high risk factors of PTC. 7, 8 Although the American Joint Committee on Cancer (AJCC) tumor node metastasis (TNM) classification system recommends describing tumor multifocality, TNM stage is not influenced by multifocality. 9 Furthermore, definite evaluation and treatment modalities have not been established for multifocality in PTMC. Based on American Thyroid Association (ATA) management guidelines, 7 patients with overt PTC with high risk factors are recommended to undergo total thyroidectomy with lymph node dissection. 7, 10 However, no definitive treatment guidelines for PTMC with high-risk factors have been recommended. Hemithyroidectomy or subtotal thyroidectomy is generally considered adequate treatment for unifocal PTMC (uPT-MC), while the extent of surgical resection for multifocal PTMC (mPTMC) remains controversial. 11 If incidental mPTMC is considered, the true rate of mPTMC could be higher than previously reported. The clinicopathological significance of multifocality in PTMC is not well established, and distinct treatment guidelines should be considered.
In the present study, we retrospectively investigated the clinicopathological significance and multifocality of PTMC with regard to primary tumor size. To evaluate the clinicopathological significance of incidentally detected mPTMC, the rate of incidental mPTMC and its characteristics were investigated and compared with those of non-incidental mPTMC. Recurrence of mPTMC was also evaluated through meta-analysis.
MATERIALS AND METHODS

Patients
We investigated 383 consecutive classical PTMC patients from the Department of Pathology, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine (Seoul, Korea) from January 1, 2010 to December 31, 2011. The correlations between multifocality and clinicopathological characteristics including age, sex, tumor size, extrathyroidal extension, lymph node metastasis, pTNM stage, and US findings were evaluated by reviewing medical charts, pathology records, and glass slides and based on the seventh edition AJCC TNM classification system. 9 Patients had undergone either total thyroidectomy (n = 237) or lobectomy (including hemithyroidectomy) (n = 146) with lymph node dissection. The decisions to perform lymph node dissection and the extent of dissection were made by the surgeon based on ATA management guidelines 7 and various risk-evaluation systems. 5, 9, 12, 13 The mean age of patients was 45.4 ± 10.4 years, the mean tumor size of the largest dominant tumor was 0.65 ± 0.20 cm, and the sex ratio (male:female) was 1:3.85. By AJCC stage grouping, there were 295 cases in stage I, 0 cases in stage II, 86 cases in stage III, and two cases in stage IV. The study protocol was approved by the Institutional Review Board (IRB) of Kangbuk Samsung Hospital (IRB No. KBC12202), who confirmed informed consents.
Definition and evaluation of tumor multifocality
Sections were cut to a thickness of 0.2 cm for postoperative pathological examination. All tumors detected during inspection were histologically examined. For evaluation of extrathyroidal extension, peritumoral parenchyma with thyroidal capsule was included. In addition, one section with normal-appearing parenchyma was included from each lobe. mPTMCs were defined as tumors with an intertumoral distance greater than 0.5 cm in the ipsilateral lobe or contralateral lobe of the primarytumor. 14 The number of tumors ranged from two to six (mean, 2.36 ± 0.70), and we designated PTMCs other than the largest tumor as supplemental tumors. Cases were subdivided into three groups based on preoperative US findings. The first group included suspicious mPTMCs, the second group included uPTMCs accompanied by benign or indeterminate nodules, and the third group included suspicious uPTMCs. Within the second and third groups, incidental mPTMCs were defined as those discovered on pathological examination, which were not detected on preoperative US. US evaluation was performed by radiologists at our institution, and results were reported according to standard criteria.
Literature search and selection criteria
Relevant articles were obtained by searching PubMed and MEDLINE databases up to January 15, 2015. Searches were performed using the keywords "papillary thyroid carcinoma" and "multifocal." The title and abstract of all searched articles were screened for exclusion. Review articles were also screened to find additional eligible studies. Search results were then scanned according to the following inclusion and exclusion criteria: (1) PTC investigated in human tissue, (2) available information regarding tumor recurrence in uPTMC and mPTMC, (3) case reports or non-original articles were excluded, and (4) non-English language publications were excluded.
Data extraction
Data from all eligible studies were extracted by two authors. The following data were extracted from each of the eligible studies: the first author's name, year of publication, number of patients analyzed, and number of patients with tumor recurrence.
Statistical analysis
Statistical analyses were conducted using SPSS ver. 18.0 software (SPSS Inc., Chicago, IL, USA). The significance of tumor multifocality and correlations with clinicopathological parameters were determined by either chi-squre test or the Fisher exact test (two-sided). The relationship between tumor multifocality and tumor size was analyzed using a two-tailed Student's t test. Linear regression analysis was conducted to investigate correlations between primary tumor size and tumor multifocality, number of tumor, and supplemental tumor size. In addition, multivariate logistic regression analysis was performed to identify the most influential variables associated with tumor multifocality. To perform the meta-analysis, Comprehensive Meta-Analysis ver. 2 software (Biostat, Engelwood, NJ, USA) was used. Odds ratio (OR) with a 95% confidence interval (CI) was calculated by fixed-effect and random-effect models and used to evaluate the correlation between tumor multifocality and recurrence. Heterogeneity between studies was evaluated with the Q test, I 2 , and p-values. Publication bias was assessed via Begg's funnel plot and Egger's test. All statistical analysis was reviewed by a statistician. The results were two-sided and were considered statistically significant when p < .05.
RESULTS
Clinicopathological features of mPTMCs
We initially investigated the correlations between tumor multifocality and clinicopathological parameters in 383 resected classical PTMCs. Tumor multifocality was noted in 103 of 383 PTMCs (26.9%), and nodal metastasis occurred at significantly higher rates in mPTMCs than in uPTMCs (p = .003). Patients who underwent total thyroidectomy showed a higher incidence of tumor multifocality than patients who underwent lobectomy (p < .001). For the 83 mPTMCs in which total thyroidectomy was undertaken, tumor bilaterality was 62.7% (52 of 83). mPTMC showed a significant correlation with higher TNM stage than uPTMC (p < .001). There were no significant differences with respect to age, sex, tumor size, or extrathyroidal extension (Table 1) . On multivariate analysis, tumor multifocality was significantly correlated with lymph node metastasis (p = .002) but not age (≥ 45 years), sex, or extrathyroidal extension.
On preoperative US, tumor multiplicity was found in 180 cases including 54 suspicious mPTMC cases. Among suspicious mPTMCs, 41 cases were confirmed as mPTMCs (non-incidental mPTMCs) on pathological examination. For the remaining 126 suspicious uPTMCs accompanied by benign or indeterminate nodules, 20 cases were confirmed to be mPTMC (non-incidental mPTMC). Nineteen cases (three suspicious mPTMC cases and 16 non-suspicious mPTMC cases) involved incidentally found PTMCs (incidental mPTMCs) that were not identified preoperatively. In 203 cases regarded as uPTMCs on preoperative US, 23 supplemental PTMCs were incidentally discovered on pathological examination (incidental mPTMCs). In total, 103 mPTMCs (61 non-incidental and 42 incidental) of 383 PTMCs were identified (Fig. 1) .
Distribution of mPTMC based on primary tumor size
The distribution of mPTMCs based on primary tumor size was investigated and is shown in Fig. 2A . The rate of mPTMC occurrence was 0%-34.4% and was shown to increase with increasing primary tumor size on linear regression analysis (R 2 = Values are presented as number (%) or mean ± standard deviation. PTMC, papillary thyroid microcarcinoma.
0.519 and p = .019). PTMCs were divided with a cutoff of 0.3 cm, and the mPTMC rate was 5.9% in PTMCs smaller than 0.3 cm and 27.9% in PTMCs larger than 0.3 cm. In addition, the number of tumors and supplemental tumor size were significantly increased according to primary tumor size (R 2 = 0.014, p = .021 and R 2 = 0.117, p = .023, respectively) (Fig. 2B, C) .
Lymph node metastasis in incidental and non-incidental mPTMC
Forty-two cases (40.8%) were incidentally diagnosed as mPT-MC via postoperative pathological examination. To understand the significance of incidentally discovered supplemental tumors in mPTMC, we compared clinicopathological characteristics between incidental and non-incidental mPTMCs. The mean sizes of supplemental tumors were 0.23 ± 0.12 cm in incidental mPTMCs and 0.41 ± 0.17 cm in non-incidental mPTMCs. As expected, supplemental tumor size was significantly smaller in incidental mPTMCs than in non-incidental mPTMCs (p < .001), even though the largest tumor size did not differ (p = .870). The rate of extrathyroidal extension was higher in incidental mPTMCs than in non-incidental mPTMCs (p = .016), but there was no difference in lymph node metastasis (p = .199) ( Table 2) .
Systematic review and meta-analysis
We performed a systematic review and meta-analysis to confirm the difference of tumor recurrence between uPTMC and mPTMC. One hundred fifty-six studies were identified through a database search and were screened (Fig. 3) ; 148 of these studies were excluded due to no or insufficient information (123), studies on other disease (10), case reports or non-original articles (13) , and non-English-language articles (2). Eight eligible studies and 5,665 patients were included in the current meta-analysis. [15] [16] [17] [18] [19] [20] [21] [22] Tumor multifocality was found in 1,844 of 5,665 overall PTMCs (32.6%). In the eligible studies, the rates of tumor multifocality were 24.0%-42.5%. Our meta-analysis showed significant correlation between tumor recurrence and mPTMCs in fixed-effect (OR, 2.002; 95% CI, 1.475 to 2.719; p < .001) and random-effect (OR, 2.118; 95% CI, 1.323 to 3.390; p = .002) (Fig. 4) . On sensitivity analysis, OR ranges were 1.736-2.277 and 1.907-2.417 in fixed-effect and random-effect models, respectively, and estimated ORs were not affected by eligible studies. No significant heterogeneity was identified (I 2 = 47.4%, p = .065). There was no definite asymmetry in Begg's funnel plot (data not shown). Egger's test showed no evidence of publication bias (p = .432).
DISCUSSION
Multifocal PTCs are associated with loco-regional recurrence and lymph node metastasis; 10 however, the clinicopathological significance and appropriate treatment modalities for mPTMC remain unclear. In addition, little is known about the clinicopathological characteristics of incidental mPTMCs. To the best of our knowledge, this is the first report showing the clinicopathological significance of incidental mPTMCs and the correlation between tumor recurrence and mPTMCs using meta-analysis.
The incidence of PTMCs has rapidly increased in recent years. [23] [24] [25] It is debated whether PTMC is a normal finding, equivalent to disease, or a precursor of overt PTC. 23 Ito et al. 4 reported that the rate of PTMC enlargement without unfavorable features was 6.4% at 5 years and 15.9% at 10 years. In previous reports, distant metastasis and mortality occurred more rarely in PTMC than in overt PTC. 26, 27 However, there are many reports showing that PTMCs show similar rates of extrathyroidal extension and nodal metastasis (40.3% to 64.1%). [23] [24] [25] 28, 29 In addition, a recent meta-analysis showed that total thyroidectomy was significantly correlated with lower recurrence and mortality rates in PTMC. 30 Patients who underwent total thyroidectomy showed a higher incidence of tumor multifocality than patients who underwent lobectomy (p < .001). In 83 mPTMCs that underwent total thyroidectomy, tumor bilaterality was 62.7% (52 of 83). Still, the unfavorable factors that can result in aggressive behavior and impact prognosis in PTMCs remain unclear.
Tumor multifocality is not considered a high-risk factor in systems including AGES (Age, Grade, Extent, Size), AMES (Age, Distant metastasis, Extent, Size), MACIS (Distant metastasis, Age, Completeness of resection, Local invasion, Size), and GAMES (Grade, Age, Distant metastasis, Extent, Size). 6, 12, 13 Our data showed that tumor multifocality was significantly associated with nodal metastasis in 26.9% of total PTMCs, as in previous studies. 15, [17] [18] [19] However, in the PTMCs of some previous studies, the correlation between tumor multifocality and recurrence wascontroversial. [15] [16] [17] [18] [19] [20] [21] [22] Further cumulative prospective studies or meta-analysis should be performed to determine the clinico- Values are presented as number (%) or mean ± standard deviation. mPTMC, multifocal papillary thyroid microcarcinoma. pathological significance of mPTMC. Our meta-analysis showed that tumor recurrence was significantly higher in mPTMC than in uPTMC (Fig. 4) . Regrettably, our data could not be included in the meta-analysis due to limitations including no recurrence cases during follow-up and short follow-up period (3 years). In addition, the current meta-analysis did not allow subgroup analysis based on positive or negative resection margins due to insufficient information provided in the eligible studies. Kuo et al. 31 reported that mPTMC was associated with worse survival than uPTMC but reported no difference in survival between multifocal overt PTC (> 1 cm) and mPTMC. Our results and earlier studies suggest that tumor multifocality in PTMCs, regardless of tumor size, is a useful predictive factor of aggressive tumor behavior, such as lymph node metastasis and tumor recurrence. It might be appropriate to manage patients with mPT-MC differently than patients with uPTMC having no unfavorable factors.
Incidental PTMC is defined as PTMC incidentally discovered and confirmed by gross and/or microscopic examination from surgical specimens resected for the evaluation of other disease entities. 32, 33 However, no clear definition for incidental mPTMC has been previously provided. In this study, we defined incidental mPTMC as supplemental tumors not detected on preoperative US that were discovered on pathological examination. Although these supplemental tumors are important for diagnosis of multifocality, the characteristics of supplemental tumors have not been previously described. In the present study, incidental mPTMCs accounted for 40.8% of the total mPTMC according to our criteria. Interestingly, incidental mPTMC was not found in PTMCs 0.3 cm or smaller. However, the lower limit of tumor size detectable on US is unclear, and more controlled and careful histological examination for entirely submitted cases is needed to identify tumor multifocality. The mean size of incidentally discovered supplemental tumors was 0.27 ± 0.15 cm, which was significantly smaller than non-incidental tumors (p < .001). The supplemental tumor size of mPTMC decreased with decreasing primary tumor size (Fig. 2) . The smaller size explains the lack of detection during preoperative US. However, there was no difference in nodal metastasis rate between incidental and non-incidental mPTMC. This finding suggests that tumor multifocality itself, rather than the manner of detection, is related to lymph node metastasis. In addition, the detection rate of incidental mPTMC might influence the rate of mPTMC. If these supplemental tumors are missed in pathological examination, cases are diagnosed as uPTMC and not mPTMC. Therefore, detailed examination for multiple tumors using preoperative US study and adequate postoperative pathological examination is essential in the diagnosis of PTMC.
We previously reported that evaluation of tumor multifocality based on total surface area is useful to distinguish aggressive mPTMC from less aggressive mPTMC and uPTMC.
14 On that basis, we concluded that careful detection of multifocal tumors is important despite discrepant reporting on multifocality. The discrepancies largely seem to result from different manners of pathological examination and the number of sections analyzed. Although radiological tools have improved, tumors smaller than 0.3 cm are not easily detected via radiological examination. In the present study, only four of 383 PTMCs were smaller than 0.3 cm. Among them, two cases were 0.2 cm on histological examination, after appearing larger than 0.3 cm on preoperative US. Suspicious nodules on preoperative US in the remaining two cases were confirmed as benign nodules on histological examination. Another two incidentally detected nodules (0.2 cm and 0.1 cm) were diagnosed as PTMC. Therefore, there were no sus- picious nodules smaller than 0.3 cm reported preoperatively. In addition, it is difficult to confirm PTMC in preoperative fineneedle aspiration for tumors smaller than 0.5 cm, 34 which require thin sections in postoperative gross examination for non-detected small nodules. Because it is difficult to cut 0.2-cm-thick slices of specimens prior to fixation, thin sectioning after proper fixation is required for assessment of tumor multifocality.
In conclusion, this study demonstrates that tumor multifocality in PTMC is significantly correlated with lymph node metastasis. Our meta-analysis revealed a positive correlation between tumor multifocality and tumor recurrence in PTMC. Therefore, careful attention should be paid to detection of mPTMC, which behaves differently from uPTMC, on preoperative and postoperative examination.
